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Method and infc sets for maxldng -and autheotiiGatlng ayticleg 



The invention is about security Idoduments and articles, i.e. 

banknotes^ valuq papers, identity jdocuments, cards, tickets, 

labels, security If oils, security tlireads and the like/ which can 

J I i 

be easily authenticated by stat^-onary or portable electronic 

equipment, such ds currency acceptors, processing machines, 
ticket validator^ , hand-hald au j:hentication devices , etc . , and 
of methods to produce and authenticate such security documents 
or articles through the applicairion of dyes o?r pigments exhibit- 
ing a specific spectral absorption; 

I : 

The increasing availability to the* general public of desk- top 
color printing and reproductions ecjuipitient, such as color com- 
puter printers, qolor scanners ;and| color copiers, has raised an 
additional threat to document siecurity. In particular, the cur- 
rently used security features do ns>t provide sufficient protec- 
tion against counterfeits at autoroatic banknote acceptors, where 

exclusively electronic means are used foa: the authentication. . 

1 i i 

Knovrn security features suitable for authentication with elec- 
tronic means are described for jexainple, in EP-B-0 053 124 and 
BP-B-O 053 133, {EP-B-O 053 125* BP-B-0 024 053, EP-B-0 340 898, 

or EP-B-0 537 4i.l. These featutes )are based . on Ixaninesceace. 

I i - ' ' 

magnetic propertjies, or on absbrption in the non-visible ran^e 

of the electromdgnetic spectrum, ikowever, the eaeploitation of 

several of said {physical effects is accoit©anied with drawbacks. 

For example, in the case of luminescence, the to^-be-measured 

'I ' ' • • * 

light intensities are generally low, requiring sophisticated 

technology, including the shieldiiig of ambient light and of 

Other potentially perturbing effeqts. Magnetic properties are 

less suited as fi- security featured because they require in gen- 
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1 : I 

eral a mechanical I contact l^etweea t,p& bank note and the magiXetic 

sensor device (rekdlng head) • This constitutes a major source o£ 

errors, caused, byi jamming of ^ in-bacl- shape' bank notes in the 

\ i ' . ■ 

reader device. ) . \ \ 

i : I • 

! ^ ? • 

A shortcoming o£ ithe * classic' l)V cjr IR-absorber based banknote 
security feature^, such as disclosed in EP-A-O 024 053/ is note- 

* i • 

worthy that they jrely on the u.5f of a single absorber, compound 
as a covert security elejtient outside the visible range of the 

? : * i 

Spectrum • The presence .of the cpvert security element can be re- 
vealed with the l^elp of commonly accessible, cheap CCD cameras 
(e.g. door-watcher cameras, having, a sensitivity range of 300 to 
I'lOO nm wavelength) and commonly accessible generic UV and IR 
filters, available in photo-shops - 1 Generic DV- and. IR'-absorbing 
compoxxnds are furthermore used Jin ^nany areas of current technol- 
ogy, noteworthy in certain elec^trophotography toners, and are 
thus commercial lir available as well. 

It was therefor e( the object of )the. present invention* to provide 

i ' i I 

a protection forj a security article against counterfeiting, 
which overcomes .the above desca|-ibe;d drawbacks of the prior art 
and which allows- an easy authentiqation of sai.d article by ina- 
chines, such as jcurrency acceptor^, ticket validators, etc.. 

j M ' • 

The above probl^ is solved in 'particular by. a printing ink 

j 

and/or a set of {printing inks and : the use t:hereof ' for marking 
and/ or i 
claims • 



and/or authenticating an article, las defined in the independent 



The present invention relies on tixe selection of dyes or pig- 
ments which canpot be perceived cprrectly by the human eye, in 
particular on aj selection of a set of such dyes or pigments con- 

{ ■ f 
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stituting a color space wlxicli iri its entirety cannot be per- 
ceived by the limtBn eye. : i 



i 
> 

i , - . 

TShe Ixuinan. eye's qolor perception, is based on the signals of only 

i *' • . ' 

three different qypes of receptors,; one for* long wave (600 tm; 
red), one for JjatSermediate wave* (550* nm; green), and one for 
short -wave (450 nm; blue) light^ Zxi addition: to these, a general 
white light receptor, having a Sensitivity maxirnum at about 550 
nm, is present, too. The relatiye sensitivity curves of the 
three photoreceptors, which cor^res^ond to the spectral absorp- 
tion curves of tljie related photppigments in the eye, have been 
esqperimentally determined and are known as the. ^ Color Matching 
Functions'", as defined by the Commissioxi Intexnationale 
d^Ecl^izr&ffe (c.liE.) • They are jthe; basis of all human color re- 
production technology. Every vijsible color can noteworthy be ex- 
pressed within tiiis CIEXYZ- system by three basic color coordi- 
nates: X (red), Y (green) and Z (blue); confining the human 
color vision to U three-dimensional color space. The human eye 

noteworthy lacks] light perception ]±n the ultraviolet (UV, below 

: - ^ i 

400 nm wavelength) ., and in the ^infrared (IR, above 700 run v/ave- 

j .. , 

length) range o^ the electromagnetiic spectrum. 

I I i 

Huge efforts and work have baeix dedicated in the past to the de- 

i * * 

velopment and the selection of | dyes, pigments and other devices, 

in order to reproduce colors ab Ttruly'' as possible, as set 

forth by the properties of the- human eye. Today's color repro- 

.ductlon technology relies in faction a narrow selection. of par*- 

ticularly adapted printing' pigments, of carefully selected cath- 

ode ray tube ph9sphors and of sophisticated optical . filters for 

color cameras a<id scanning eleaienjts* 

{ : i 

Color in securl1:y applications^, hbwever, has a totally different 

purpose. Oladectjs need aot l&ave to? be depicted in 'true" color, 

i I ! 

i 

I ' ■ = 

EiPfanjsieit U.itt. 17:26 : ■ . 
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i : ! 

but quite often, bolor has a mere functional sense, e.g. to dis- 

tinguish between ithe different denojcdnations within a currency 

eerxes. { . ; . 

! \ : 

III 
To couiitaract the' modem threat; of generally available and ever 

I \ I 

more sophisticated color reprod\iction equipment to currency, 

' i . . 

value documents ejnd other article© ,whose reproduction is unde- 
sirable, the present: invention disdloses a novel method of mark- 
ing and/or authedtication, .based on the use of selected dyes or 
pigments. The present invention; is ..based on a deliberate depar- 
ture from the ba^e colors of the three-dimensional CIEXYZ color 
space. The marking on a value document or article according to 
the present invention comprises, i) | visible .colors which are not 

i 

used in ordinary] color reproduction or printing, ii) narrow-band 
absorbers which ^o only yield pastel shade color, and iii) in- 

i 

visible ^colors' which correspond to absorption outside the 
visible range (4pO to 700 xm) of the electromagnetic spectnan, 
either in the uljbraviolet (belpw 400 nm) or in the infrared re- 
gion (above 700 jnm) . ; i • 

Thus, the presei^t invention is i related to .a printing ink, com- 
prising at least^* one dye or pigment having at least one absorp- 
tion maximum in jthe visible reiAge jof the electromagnetic spec- 
trum which is stjbstantially different from the absorption maxima . 
of the base colors of the CIEXYZ system, or which is outside the . 
visible range ojf the spectrum, : and/ or having an absorption band 
in the. visible 3j-ange of the electi^-oihagnetic spectrum whose band 

width at half intensity is narrower than 2400 cm"^, preferably 

J * i •/ 

narrower than 2000 cm"*, and most preferably narrower than ISOO 

f < i 

cm • I : . 



I 



1 / 

Furthermore, th^ present invexltiofi is related to set of printing 
inks, coir^prisin^ at least two prihting inks as defined above. 
• » 

) ; . • 

I J : 4 
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i i : 

In particular, thp pr^s^t invedtion discloses the use of a .*hy- 

perchrQinic color ^ystem' , enibodf ed by a corresponding set of • 

dyes or pigments ^d/or a corresponding ixik set, and coxnprising 

at least 3, prefeSrably at least 1 4 i>a.B^ colors which are chosen 

such as to have at least one absorption maximum which is sub- 

f ''I . 

stantially differ.ent from the absorption maxima of the base col- 

ors of the CIBXY^-system (which j coinprises the additive base col- 

ors red, green, blue; or the su$)tractive base colors yellow, ma- 

i * i . • . 

genta and cyan, respectively). The: color system according to the 

present invention may hereby coitgprise selective UV, visible and 
IR absorbing coitqaonents , embodied by coirresponding. dyes or pig- 
ments It may also comprise seliective w, visible and ir re- 

i ' • 

fleeting components, embodied by corresponding pigments- Pref- 

erably, the visible dyes or pi^tnents are chosen to have spectral 

transmission or reflection maxixna which are different from the 

"ClEXYZ-maxima' located at 45.0 jnm |(blue) , 550 xxm (green) and 600 

xm (red) , preferably, the color system according to the inven- 

» .... i * 

tion coinprises aj: least one dye orj pigment absorbing in the UV 

or in the IR reg^Lon of the electromagnetic spectrum; » more pref- 

erably, th.e coldc system comprises; at least two dyes, or pigments 

absorbing in th^ IR region of the ^electromagnetic spectrum. 

! • 5 1 ■ 

Of particular interest in the context of the. present invention . 
are narrow-band jabs orbing dyes I or ipigments, as they allow for 
the • introductioxj of more spectral ^.variety inside a given, avail- 
able spectral range (such as tiie 300 nm to 1100 nm range) . 
Within the visil?le spectral range, preferred dyes or pigments 
have substantia4.1y narrower abfeoription bands than those of the 

eye's CXEXYZ Color MatchdLng Puhctions. It is then possible to 

I • ' * 

cover even the visible spectral dbniain with more than three of 

\ \ • 

■ ■ i : •! 

i ? 
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said dyes or pigments, hereby creairing a hypercbrcniic visible 
color space. 

Ttife eye's color n^tcliixig functions have noteworthy the following 



properties : 



bine absorber: 
green absorber: 
red absorber: 



xnaadLnnixa o£ 
sensitivity* > 
445 nm (22 '500 [cnT^) 
555* nxn (18 '000 Icm"^) 
595 rm (16 '800 .cm^^) 



bandwidth 

at half intensity 

55 lan, (2*800 cnf^) 
110 txm (3 '600 cm"^) 

85 niti (2 '400 cin~^) 



The first of the j indicated nxiirib.ers refers to the' wavelength (in 

run) ; the second ^lunber^ to the ejaergy (in cm*^) , respectively. 

Conversion to 1000 cm~^: lO'OOO/wl 

Bandwidth in 1000 cm"'^: 10 ' OGO^bw/Wl^ 

* . • * 

(wl = wavelengths in nm; bw = bandwidth in xmi) 

i • ; 

f • 

S-obstantially n^rower absorption bands than the said color 
matching fianctions shall mean^ {in -the context of the present in-- 
vention, an absorption band having a band width at half inten- 
sity which is najirrower than 2 '400 :cm"^. in particular, the dye or 
pigment accordiiig to the preseip.t invention has preferably a band 
width which is lower than 2'Oo6 cTtC^, more preferably a band 
width lower thaii 1*500 cm""^. The band width of said dye or pig- 
ment should, however, be larger than 100 cm"^, excluding rare- 

i. ' : 

earth based extremely-narrow-b&nd ! absorbers . 

; •: i 

! 

; : 

Marrow-band absorbing dyes or pigments are also of interest' in 
the ultraviolet; (300 - 400 nm): and in the infrared, in particu- 
lar in the -700 irni to I'lOO nm wav^slength range, which are de- 
tectable" by the {'commercially available silicon photodetectoir de- 
vices, such as photbdiodes, CMOS-« and CCD-cameras. Using a cou-- 

pie of narrow b^nd absorbing qompbunda in t±Le said IR wavelength 

lit 
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range allows notej^rortby to implement grapliic 'multicolor ' secu-^ 
rity designs, coit4>rising one or i more invisible 'infrared col- 
ors',. In a particular embodiment, tiiree IR-pigments, absorbing 
in the 700. to 800;/nmr tlie 800 t6 900 nm, and the 900 to I'OOO run 
range, respectively, may be used td print a trichromic picture, 
in the infrared region of the electiromagnetic • spectrum, which is 
invisible to the junaided human eye: The picture can be camou-- . 
flaged by overprinting it with one 'or more IR- transparent visi- 
ble colors. The :^esulting trichroniic iR-picture may then be 
Visualized or inspected with the help of a corresponding elec- 
tronic ^iR-colori camera and a visual color display. 



The dyes or pigm^ts to be used according to the present inven- 
tion may in general be selected- among the organic molecular com- 
pounds, the orgaj^cic polymeric compounds or the inorganic com- 
pounds. As a general principle ;dn the context of the present in- 
vention, a 'coIof' of the hyperchrpmic color system is embodied 
by a correspondilig, single chemical con^^ound, which may have one 
or several absorption bands in ^the] 300 to I'lOO nm spectral re- 
gion. A hyperchrjimiG color System comprising at. least 3, pref- 
.erably at least hase colors is thus embodied by an ink or a 
set of inks compjrising at least 3/ preferably at least 4 differ- 
ent chromophorid. compounds, i.e. such which have absorption 
spectra* which ai^e substantially different from each other in. the 
300 to I'lOO nm |^S;avelength range. jSubstantialiy different means 
according to the present invention that the statistical correla- 
tion of two specjtra represent©^ bj^ two vectors si and s2, as ex- 
pressed by the liorinalizsed scalar product (s1*b2) / (Isl|*|s2|) , shall 
not exceed 0.95 4 The vectors si and &2 are expleiined "below. 

» i I 



The dyes or pigments according- to I the present invention need 
thus not to be ^11 very differfentjin color; the hyperchromic 
color system could, e.g.,- coirge>ris^ two different yellow, two 

I ' \ : 

I • . 

t ' * * . • 

\ • . 
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differeaat blue, afnd two different red 4yes or pigments in vary- 
ing proportions. jA photocopying ImacMne would Jiave to reproduce, 
these colors usizig a single- yellow; a single blue and a single 
red dye. A corresponding detection! device would rely, in con- 
trary, on two different yellow, two different blue, and two dif- 
f erent .red channels, and tbus b^ able to differentiate easily 

between the original and the. copy.- 

i : 

} i : 

pyes and pigment^ which are useful- for implementing the method 

I . I ^ 

and. for making aj printing ink or coating composition according ' 

to the present ikvention can be found in several substance 
classes. In a preferred embodiment they are selected from the 
group comp'risingi cyeinines (polymelqhines) and the related cyanin- 
type chromophor ; quinones and the related quinone-typa chromo- 
phores; porphiqes, phthalocyaAines and the related macrocyclic 
chromophores; ad well as heterbsubstituted polycyclic hydrocar- 
bon chromophores. A chromophore, in the context of the present 
invention, is a j"* color-genera tingj chemical group, exhibiting 
absorption somewhere in the 300 nm to 2 '500 nm, wavelength 
range. The chroiftophore may have a molecular or . a polymeric 
structure; it may furthermore Carry chenvical substituents of all 
kind, and/ or be | linked into or; grafted onto a polymer chain, 

{ • : 

Cyanine (polymejjbiine) dyes are knbwn in the art and used as pho- 
tographic sensitizers (D.H. Stiurmer, The Chemistry of Heterocy- 
clic Compounds, I Vol 30, Jobn w[iley, ilew York, 197.7 pp .441-587 ; 
- Eastman Kodak) .i In a more rec^t ' japplication, stable' representa- 
tives of this cbnipound class, Iseliected from the couznarins and 
rhodamines, .wez^ also used as ila^er dyes (J.B. Il8(rling, . vT.H. 
Hawiey, E.M. Ll)ston, W.B. Grant, Applied Optlas, 13(10), 2317 
(1974)). 1 '• i . 



Eopfansszeit 17:26 



+41-71-913955^ T-246 P.019/049 F- 



24-09-02 ir:30 VON -Happ Wengir « Ryffel AG, »| I . I 

i- . : 

> I 

PSlC071fiP /• 24.09.02 1 9 I PS1C071EP-0200208 

I : : 

t « 

» " I 

Porphines and related molecules- caii be viewed as loacrocyclic 
cyanin.Q structur^^, confbrxnationaliy rigidized by tlieir cyclic 
natixre, in particular in tJie presence of a coordinated metal 
ion, such as Mg^^j and other. As ja consequence/ their long-wave 
absorption band is very, sharp and they are almost ideal exaniples 
of a narrdw-bandj absorbing dye Wccbrding to. the invention. Chlo- 

rophyll-a (absorption band at 660 inn; extinction coefficient e of 

] I : 

aS'OOO) is a dyei of this class (K. Sauer et al., J. Am, Chem. 

'* • * • . * 

SQC. 88, (1966) .j 2681-88) - As porpjiines and. related molecules 

are rather dlffijciilt to synthesize, their industrial use is re- 

• stricted to the jnaturally available conpounds. 

( . • ■' 

j . ; . 

Phthalccyanines |and related moleciiles are the industrial vari- 
ant" of porphinds. They generally : absorb at the long wavelength - 
end of the vtsitJle spectrum^ and the largeness of their absorp- 
tion band depends heavily upon; their crystal packing (aggrega- . 
tion} . Narrow-band absorption is generally observed in diluted 
solution of such dyes^ and forj certain pigments in the solid 
State, in parti4:ular if a stacking of the pigment's chromophoric 
groups is absent. The class of ; phthalocyanines at largo com- 
prises as well the higher-con j\iga|:ed analogs), such as the 
naphthalocyanines , which absorb farther in the IR, as well as 
the heterosubstituted analogs jof ^htalocyanines ; the common 
point defining this compound ciasis is that all of its meinbers 
are derived f rok aromatic ortho-djicarboxylic acids or from their 
derivatives. * I 

\ •• : • • ■ 

\ ' . ' 

Quinone dyes are Imown in the ^art^ end used for textile and re- 
. lated dying apj^ications (e.g| indigoid dyes, anthraquinone 
dyes, etc.). Eljectronegative groups or atoms along the quinone 
skeleton can be| present to enhance the intensity of the absorp- 
tion band/ or tjo shift it to ^.onger wavelengths. Some dyes ,of 
this class, especially those which carry no NH or OH groups, 

' j 

» : • * 
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show narrow abso:i^tloA bands. BxaiOEjles of such -.dyes are thloin- . 
digos, H,N' -diall^ylindigos^ N,N*-aIkylene-indigos, etc. 

f • • 

Hetero substituted polycyclic hydrocarbon dyes are rigid, planar 
molecular structures, at the image of the graphite' lattice, car- 
rying appropriate substlt;uents . ' Peryleneimides, quinacridones , 

t it' 

dioxazines^ etc. j are exaznples of such dyes, 

. i M ■ ' . • . 

t • ' . 

AO important aspect in prospecting; for narrow-band absorbing 
pigments is to aju^oid aggregation between the individual dyestuf f 
molecules; a ten^iency which is - inherent to most organic polycyc- 
lic compounds an!d even more enlianced in the case of a molecule's 
capability to undergo hydrogen Jboriding. Aggregation in most 
cases broadens tihe spectral absorption bands; it is thus to be 
considered an uijdesired feature ii^i the context of the present 
invention. Ther^ are different, ways to solve tbis problem: 

Use of dye mcilecules which do not form said absorption-band- 
enlarging aggregates. I ' 

Use of dye m4>lecules which kre; soluble in an inert polymeric 

carrier compound; the corre^oiidingly obtained mass-stained 

and coiaminutfed polymer may be used as a printing pigment, . 

use of aye mplecules which iarej co-polymerizable into an es- 

tablished poiLymer matrix, ^-g*< polystyrene, or .which are 

I' • « 

graft- able onto an existing pQlymer; the correspondingly ob- 

tained mass«4stained and coipminuted polymer may be used as a 

printing pigment or as a varnish additive- 

A large number jof suitable pigmeiits and dyes for ^nnbodying the * 
invention have | already been described in the literature. How- 
ever, ordinary^ commercially available colorants.* are purposely 
designed to fi^ the hUraan eye/s broad-line color matching func- 
t;ions. Most of | the known narrpw line absorbing molecules or com- 
positions are, \ for this reason, not indxlstrially exploited as 
» . * - 

1 - i 

I 

i . 1 I 10 

EiiiPfangszelt 24. Sep. 17:26 j j 



' ** I 

24-08-02 17:30 VON -HeppWengW 4 Ryffal AG. Wll !• [ ^i-n-ajigg 



PSIC071EP / 2d. 09. 02 



pigments or dtyes/j 



.M46 P.021/049' F- 



11 : '.PSXCO7X69-O200208 



7 



due either tor'th^ir ^*lack of color strength*' 
as* perceived by tpie human eye, pr to their- light dependent color 
change {*'\intrue ^olors") • The same holds as well for the commer- 
cial infrared absorbing dyes or, pigments^ which, were designed 
for use in optical recording mater ;jLals , where a rather broad ab- 
sorption band is, recjuired, ' ' * 

» * 

The absence of ai commercial .raar]cet| for most of the dyes or pig- 
ments which are useful in the contiext of the present invention 
increases the security potential of the disclosed method and of 
its exnbodiments .| The application o:f non-commercial dyes and pig- 
ments in the' fi^ld of security sprinting reO[uires their dedicated 
production and enables in consecjaence an effective control of 

I r 

the source of tHe material; a very crucial requirement to war- . 

i \ I 

rant security. •; • , 

■ i ^ . i '. 

I ^ 

i . ; ; . 

Preferred dyes according . to the present invention* are shown , in 
Fig. 2. Fig. 2ajis a Hexadeca-.(3-4thoxy^l-chiophenolato) - 
phthalocyanato-zinc (11) absorbing; in the region of 780 nm. .Pig. 
•2b is a Deca-(3fethoxy--l-thiophen9lato)--hfexa-(3."-methyl-l-" 
thiophenolato)--|)hthalocyanato-jzinc(Il) absorbing in the region 
of 850 nm. The formula of Pig.| 2bl is for an industrial product 
and represents k statistical x^eair over a certain distribution of 
the substituente . | 

; •■ ; ' 

In a l^yperchronpLc color systeirn, t:h.e choics of tlie base colore is 

free, under thd condition that seiid base colors have substan- 
tially different absorption s^^actira, such as defined above. The • 

{ • ■ : j 

correlation between a measured aBsorption spectrum S(A.) and the 

corresponding ^hyper-color coordinates' xl,x2,x3 ,x4,-. in the • 
choaen hyi>erch^omie color system;' which indicate the concentra- 
tions or ■» optical detisi ties' bf the individual chromophoric com- 
pounds, can be i established with the help of linear alg^ra. De- 



I i • -11 
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> 1 

riving *liyper-col;or coordinates' allows noteworthy to assign a 
■ statistically independent value; to | each dye or pigment of the 
hyperchrondc color system, if the dyes or pigments; of the set 
have partially overlapping absorption spectra. The method shall 
be outlined in tljie following, using commonly known' formalism of 
matrix algebra. | ! 

According to the? method, an standard absorption spectrum S(X) of 

a dye or pigmentj is expressed by a- vector s = (si/ S2# 33^ ... Sn) , 

wherein si, sa/ d^f Sn are the: measured spectral absorbance val- ' 

f * ' 

ues (optical densities OD == logdo/Iirefiecijed) / as defined in the 

! } 

art) at n differSent wavelengths Xiv k^, ... Xn- Said wavelengths 

i * ; * ' . 

can hereby be chosen freely, but they should be related to the • 
dyes or pigment^ used/ and noteworthy allow a discrimination of 
the different cdhstitu^ts of- the ihyperchromic color system. 

i ■ M , ' 

The hyperchromic system shall further conprise m different col- 
or ants; there aye thus m of thp said vectors s, representing the 
dyes' or pigments' absorption spectra- Said m vectors s are ar- 
ranged in a rectangular matrix! • A, i ccanpri sing m columns of n ele- 
ments each. Any! linear combination of colorants within the cho- 

• } » • » 

sen hyper.chroitd.c color system will result in an absorption spec- 

1 • • 

trum y ^ {yi, y^, y^, y^) , which can be expressed through the 

matrix equationi: ' : 

I i • . . 

I ; t 

A * xi = y ' ' 

! ; • 
! 

i I * 

• ! ' . 

wherein A is tile said matrix of dimensions (n x m) x is the 
vector of the linear factors, corresponding to the hyper- color 
coordinates/ arid y is the vector » of the resulting n spectral ab- 
sorption valued . ) j 

i ' ' 

I ' : 

i '. • 

i M 12 
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I . } ■ . 

I ? • 

On the other hand, laaowixxg..the matirix A, a measured absorption 
spectrum yl can Be eatpressed initencis of hyper-color coordinates 
X, using the classic ^least-scpiares' formula of. linear algebra: 

X ^ (A'*A)''^ * A' * yl i 



t 



wherein A' denotes the transpos'ed of matrix A, and (A'*A) de- 
notes an inverse! matrix. Oflie goodness of fit of the approxima- 
tion can be assessed by statistical criteria, such as the sum of 
deviations scjuar^d (y--yl} ' * (y-yl) #• or others knpwn in the art. 

i i ' 

Such criteria may serve as a further authentication tool. 

' ! • ' . 

Other, similar s^lgorithms of lineair algebra may be used as well 
to the same purdose, noteworthy the algorithm of Singular-Value- 
Decomposition (^VD), which is related to the problem of equar . 

tion-solving and' the method of: ^least-squares' . 

> i 

i « i . 

! ?! 
The above stated means that there j exists, a (m x n) matrix 

. ;• j J 

which relates the measured speptrum y to the. ^hyper-color coor- 
dinates' K of t^e corresponding color^space through a single 
mathematical transformation: ^ ! * ' 

i . ' : 

X = |m *'y ; 

Said matrix M |a (A'*A)"^ *. A', can be calculated from the ab- 
sorption spectrk of the base colors of the hyperchromic color 
system. 



f ; ! 



The above described dyes or pigments of the hyperchromic color 
system, incorpo-rated into a p:d*lnting ink or coating compoBitibn/ 
or into a set d.f printing inks ot coating coziqpositions, are used 
according to tliie present invention in a method for msirking an 
article, such eis a banknote, a ddcument, a ticket, a foil, a 

\. : 
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I ■■ ! 

i ' . - 

thread, a label, 5a card, or a coimnercial good, . coir©rising . tlie • 

step of providing oxx said article €i marking, e.g. in the form of 

indicia or - a usei'-def ined destgip, which is applied by using at 

{ ! i • ' 

least one printi^ig ink or coating gonposition, or a set of 

i • . ' 

printing inks or {coating coiaposltions as defined- above. 

• • i • I \ ' ' 

Furthermore, the^ above described dyes or pigments, iniplemented 
in a printing ink or coating cdmpo'sition, or in a set of print- 
ing inks or coating compositions, and applied to. an article, are 
used according to the present invention in a method for authen- 
ticating said ai^ticle, such as ja banknote, a document, a ticket, 
a foil, a threac(, a label, a card, or a commercial good, com- 
prising the stejjs of : . - I i 

' .a) measuring kn optical absorbance, ref lectance ' or transmit- 
tance speckrum of said ax-ticle marked by the method de- 
scribed above, in the UV,; and/ or visible and/ or IR wave- 
length doii|ain of the eleqtrojnagnetic spectrum; 
b) comparing Ithe spectziam aiid/qr information derived therefrom 
with a corresponding spedtrum of an authentic item and/or' 
. information derived therefrom. 

The marking and! the authenticating part of the method may be 
performed togetj^ier .or separate from each other,, by a same or a 
different operator, at the saide or at a different location, us- 
ing either a saSme or a different device-, 

I I ' 

Inks and coating compositions ; useful to impart the marking may 
be chosen f rem jthe group of p^sty inks, such as intaglio, let-, 
terpress and offset ixiks; froA the group of licjuid ixiks,' such as 
screen-printing, helio-f lexo, i and gravure inks; or ,from the 
group of drop- 6n- demand and of continuous ink- jet inks. Useful 
coatxng x^onipostions to. iirpart! the marking comprise fxirthermore 

\ • 5 : . 



J } 
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I M • ' • 

toners for electa^ostatic (dry) or electrophoretic (wet) photOr- 
printing processes*. ^ , - 

' • i i 

The application of said user-de.f ined marking design is performed 

with the .help of | inks or ink sets comprising an ink for each of 

the selected basfe-colors of the. extended, hyperchromic color 

space. An individual ink may also comprise more than. one dyes ox 

pigments erabodyi^ig said base-colors. 

\ \ * 

■ > ■. 

The spectra o£ t^e printed design jmay be measured as known in 
the art, using dither: a conibination of a broad-band ernitting 
light 86urce and a plijralicy of narrow-band sensitive photode- . 
tectors; a combi&iation of a broad-band sensitive photodetector 
and a plurality iof narrow-band; emitting light sources; , or a com- 
bination of a broad-band emitting 'light source and a dispersive 
or diffract ive ipecitrdmeter device. A coiwbination of a plurality 
of narrow-band eanitting light sources, such as LEDs,. and a 
broad-band sensitive imaging device, such as a CCD- or CMOS- 
camera, may furtbermore be useji to perform a spectral or hyper- 
spectral imaging of the printejd design. 



5 



The step of derpLving and coinpajring hyper-color coordinates,, 
rather than cruke spectral ab^orb'ance, reflectance or transmit- 
tance values, brings in the advantage of robustness', a hyper- 
chromic color sjpa.ce can notewqrtl^ be chosen to contain first 
pigments for deicorative purposes,:' together vdth second.. pigments 
for security purposes, wherei4 the decorative and the security 
pigments have partially overlapping absorption spectra. It would 
be difficult, ^ such a case, { to j identify the presence and the 
amount of a security pigment in a marking without transforming 
the spectral iifforTOation to the statistically independent- quan- 
tities of the iyper-color coordinates. 

\ ' M 

t ; :' • • . IS 
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T?he metJiod of doiSument protectlpn according to the present in- 
vention and the Resulting security' doctunents or articles are 
highly suited foi: tiie authenticiatipn by machines, such as used 
in automatic curtaocy acceiptors!, tpller machines', high-speed 
sorting machines | ticket valide(tors and the like. Authentication 
yyy machines is noteworthy limited jio the checking of such secu- 
rity features whose detection is intrinsically rapid and which 

do not require a| close contact 'between the document and the 

I i ! 

reading device, 'due to the danger of obstruction (jamming) . Op- 
tical methods arje therefore among |the preferred ones for ma- 
chine-authentice^tion. Due to the Use -of selective absorption 
rather than emission, the available light, as deflected from the 
document, is more than sufficient/ allowing for a very rapid 
measurement cycle, and thus for a high-speed operation of the 
authentication device. 5 

I M ■ 

The invention will now be further « explained with the help of the 
Figures a^ well -as examples. These figures and examples are not 

intended to- limit the scope of; th^ present invention.. 

I * ; I 

; • • I I . / 

Fig. Is shows 5 a' schematic embodiment of an extended color space 
according to the present invention, illustrating the 
use of narrow-band abso:cbing pigments or dyes inside 

and outside the visible^ range of the spectanim; 

} : i 

Fig, 28 shows; the formulas of two IR-ato^orbing compounds which 

i . ! ' • . 

are useful in the cqntext of the present invention. 

i . . • '. 

J .* • 

Flgl 3s shows} the spectral reflectance characteristics, of a 

feature printed with the ink of exaxnple 1 

\ i ; . ■ 

Fig, 4s show^ the spectral ±ef}!ectance characteristics of a 
feature printed with tlie ink o£ example 2 



i 
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; • » . • , » 

Fig. 5s shows tihe- spectral rejEle^tance characterist:ics of a 
feature printed with jthej Ink of exaxnple 3 

pxg. 6s shows 4he spectral reflectance characteristics of a 
feature printed with jthej ink of example 4 

• ! • 

} C . 

. i ** 

In a first, schexnatic exatqple as shown in Fig. 1, .an extended 
hyperchromlc colior space is constituted Toy ten narrow-band ab- 
sorbing dyes or '{pigments labeled i to 10. They have absorption 

« : i . * ' 

xnaxizna within the spectral range of 300 to I'lOO nm wavelength. 

• ; 1 

Dye 1 has an absorption maxixnum iri the UV (350 nm) . Dyes 2, 3, 

4, .5 have absorption maxima inlthe visible (425, 500, 575, 650 

i f * » 

nm) , and dyes 6„7x8,9,10 have absorption maxima in the IR (725, . 

i \ \ • ' 

800, 875, 950 aiid 1»025 rnn wavelength) . In particular, the visi-- . 

ble range is covered by four dyesj instead of three correspond- 
ing to the human eye's receptors. | Visible dyes 3 and 4 are note- 
worthy selectedjas to have an absorption maxdLmum of 500 nm,* fal-- 
ling in between) the blue (450 iim) ! and the green (550 xim) , re- 
spectlvely of 575 nm, falling dn between the green. (550 ran), and 
the red (600 nmj' photoreceptor of^ the human eye. Colors such as 
these, if coitibiiaed with a pure blue (425 nm) and a. pure red (650* 
nm) dye, will result impossible to reproduce by the standard 
trichromy process colors, becaiuse; four constraints cannot be ac- 

commodated by three variables.! 

i *! •* 

i v \ 

* , i 

An article is x\bw marked using an ink or an ink . set conprising 
one or more of jsaid narrow-badd absorbinsf dyes or pigments," The. ' 
color' information comprised oij seLid article is hereby effec- 
tively chosen out of a. ten-diikensional manifold, although humans 
only can see and describe it in t;erms of a three-dimensional 
color percepticjn. The huxoan eye's impression of the- security ar- 
ticle's color corresponds thus to a projection of said article's 
\ \ 

- ; ; • 17 
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i \ i 

real .color inf ormaiiioii onto a tliree-'dixKiQzisional color perceiving 

system. This projection is perfpnaecL under tlae light of the il- 
luminating source used to view fthej document . Changing the light 
quality of said illuminating sourcjB may lead to a different pro- 
jection, and therefore to a ditdferent color perception. The use 
of visible narroW-band absorbing dyes or pigments in- coatings 
invariably results m an illuminatiion-dependent variation of the 
shades (~untrue^| colors} * : ; 

: • 1 i 

! : i 

: * ' . ? i * • 

Mien said artlclie/ e.g. a banknote or a document, is reproduced 
by a color copiejr, or scanned iby el color scanner, its spectral 
information in tjhe visible domain J is channeled by corresponding 
optical filters linto the three 1 base colors red, green and blue. 
A projection of -the extended colo±- information contained on said 

document onto these three color cljiannels is performed under tbe 

* 

particular ligh*^ of • the copier; or i scanner • When the scanned 
color information is subseQ:aently; reproduced by printing, stan- 
dard dyes or pigments, corresponding to the human eye's three- 
dimensional color perception, are: deposited on the paper, in 
place of the original, narrow band' absorbing colorants. The re- 
suiting r^rproduction will look about tbe same, if seen under tlie 
same lighi: which was used to s'can. the original. However, it may 
look quite different if seen \mder a different light than that 
used to scan the original. . ' | 



In particular, the optical featux:^s outside the visible range, 

i.e. the ones liocated in the UV {UV-dye 1) and the ones located 

f i : • 

in the IR {IR-dyes 6 to- 10) , are not reproduced by common repro- 

; ; 

duct ion equipm^t, and are thus lacking on the copy. The visible 
features, due tic dyes 2 to 5, 'Will be reproduced/ but not cor- 
rectly. The re^iilting ^^color difference'' between the original 
and its counteiff eit can be evidenced to the human eye by conqpar- 
ing both under jat' least two different visible light soxirces, 

■ : t 

i : : 

I ! i -IS 
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and. In tlie complete OV to IR range of the spectruca, by photode- 
tectors or spectroscopic means.-, 



In the following} the preparation and use of ink sets according 
to the present invention is iirustirated at the exaii\ples of three 
different, types 6f ink formulations: 



Formalabion 1 ^ f 

Xntaglio printijod? ink set fonnulation with 5 inks 

; * i 



Additxon producti of tvmg oil and o^leic acid modified- 
phenolic resin i^n a liiglx boiling mineral oil {PKWF 28/31) 


35% 


Long oil alkyd ijesin 


7.5% 


Alkylphenolic r^sin modified withiraw tung oil in ink 
solvent 27/29 i i ] 
(Shell Industrial Chemicals) ! j 


16% 


Polyethylene wa^p • : - - 


1.5% 


Calcium carbonate : , * . 


30.3% 


Qyee and Pigments ] 5 [ ] t"- ■ — : — 


4.5% 


Ink solvent 27/29 (Shell Industrial Chemicals) 


5% : 


Cobalt octoate <11 % metal) v [ ; 'T' 


0.1% 


Manganese octoate (10 % metal)i i . 


0 .1% 


i • I • 

i j. i 

• X^es and pigments s * i 1 . 

; I 

■ f ■ ! 

mk X: atosorptijpn peak at 470 inm 1 


Acrxdine Orange; Base (Aldrich); ! 


1.0% • 


Calci-gm carbonajte • ' ; 


3.5% 


• 1 ! ! 
»Qk 2: absorptdion peak at 850 nm i 

I . ; 1 
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Deca- O-ethoxy-l-ftliiopliejiolato) ^hexa- {3-niethyl-l- 
thioph.enolato)-plkth.alocyanato-ziric(II) (Avecia). 


4,0% 


Calcium carbonate \ 


0.5% 


} t 
5 } ' 
laJc 3: absorptioifi peak at 380 taa 


Tinuvin 1130 (Cil:)a) t ; 


4.5% 7 


Calcl*uiA carbonate J I • 




1 •: ; . 

I • ' 
Inlc 4 : absorptioji peak at 980 rm : 


Iiong-wave IvIIR abjorber (Avecia) i ? . 


3.0% 


Calcium carbonatje " J ! 

t * 


1.5% 


1 I : 
1 ' * • 

Ink S: absorpticfci peaks at 620:and 780 nm 


X-fortn copper pl^thalocyaiiine pigment 


1,8% 


Calcium carbonate " 


2.7% 



. ! 1 : 

oaae ingredients jwere mixed together and the mixture was homoge- 
nized by 2 passes on a triple-roll mill. 



Fonggl&tlon 2 : ; 

Dry o££set UV-drylii? Ink set £oniKUlation with 3 inks 



Upoxyacrylate o^Ligomer ; 


39% 


Trimethylolpropeinetriacrylate monomer 


31% 


Genorad 16 (Rahh) 


1% 


Talc : i • 


2% 


X^es and pi^neuts i 




Calcimt carbonate ; i 


10.5% 


Aerosil 200 (Degussa-Huels) | 

—1 : 1 i : 


4% 


Xrgacure 500 (C&CBA) [ ; 


6% 
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Oenocure BFD (Raliii) ; . 


1 2% .. 


1 

Dyes axxd Piginexit:8s. 

I ' ' 

XxOxi 1: alDsorptiou peak at 550 tisxi 


; 


Bhodamlne b. (Aldirlch} | 




1.5% 


Calcium carboneitb 
1 T ■ . 'r— 




3.0% 


} : 
Ink 2i absozptiop peeik at 780 xim i 


1 


Octalmtoxy coppe)r(Il) naphtthalocya 


nine 


4.5% 


Calciim carbonatle : i 






i r i 
.1 < 1 
Xxife 3: absorpticb peak at 890 futi 1 
i • : 




Hexadeca- (3-ethc^xy-l-thiopheao:}.ato 

zinc (II) (Aveciei) ' 1 

f ; 


) -ptithalocyanato- 


2.7% 


Calcium carbonatie ; 

t :■ ': 




1.8% 



The itigredientslwere mixeca together and the mixfare was homoge- 
nized by 2 passes on a tripla-roli mill. 



Fornmlatjion 3 s ■ i ; : 

Gravure ink seti fioxnailatlon vrs!:th. 4 inks 



Ethanol ! • i • " 


32% • 


Ethyl acetate 1 


45.3% . 


Dicyclohexylpht^late (unimoll :65/! sv®plied by Bayer) 


4.5% ; 


Fianiaric aoxd modified rosifi (Rokramar 7200, supplied by 
Robert Kraemer ismbH&Co) \ \ 

L- ; 


3% 


Polyvi»ylbutyr«tfl resin (Pioloforro BNIS, supplied by 

— j : r- J 


12% 


> ; I 

t . j 
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Wacker-Chemie ) 



Dyes and plgzaenl:$ 



3.2% 



XTyes and plg^Uien'bs s 

zzkR Is absorpt:ioh peak at 550 rm 



lOiodamine B base) (Aldrich) ^ 


0.4% 


Ethyl acetate | • j ' 


2.8% 


• ' . ! 

t { i 

i : ' . 

lafc 2 8 absorptiop. peaks at 610 and 680 nm 


Luxol fast blue faSN (Aldrich) ] - 


3.2% 


Btliyl acetate j • ; 




i ! • 
mS: 3 s absorptidn peak at 440 nm ' 


Macroflex Yellow 6G (Bayer) 1 1 


1.0% 


Ethyl acetate j J : 

' ■ rr .1 ^ 


2.2% 


5 • ■ ' 

Xzilc 4: absorption pealc at 800 run . 


1 
t 

1 

1 


Absorber dye IRjP303 (Honeywel?.) i • • 


1.0% 


Kt:hyl acetate f • »" ■ - . 


2.2% 



The resins werej dispersed with the solvents during 15 minutes 

using a laboratbry dispersing ;equipnient. The dyes were added 

I • ! ; 

subsequently and the forxnulati'on was further dispersed during 15 

\ ! I • . . 

minutes. The viscosity of the resulting foxmulation was adjusted 

i \ ' 

with a blend ofl ethyl acetate 1/ e,thanol 1:1 to reach the re- 

quired printingj viscosity (15-j25": cup DIN4, depeaftding on the ap- 
plication) -I I I 
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To ill\i5trate th^ reflection ctikracteristics which '.are obtain- 

able using the ia^ sets according to the given formulation em- 

* * » 

bodiments , four ^inted samplesi were prepared.: 

5 I 

: I 
1 i * 

Eacan^Xe ±t Intaglio ixik, obtained by toixing Izilc l.and Ink 2 of 

formulation 1' (above) in a ratio* 1-:1 and printing on paper at 8 

^ I I ; ' . 

g/xn . The reflectance spectrum is given in Pig. 3.., 

Example 28 intaglio ink, obtairied by mixing Ink: 3, ink 4 and Ink 
5 of formulation! 1 (above) in a ratio 1:1:1 and^ printing on pa- 
per at 8 g/m • T|ie ref lectance jspebtrum is given in Pig. '4. 
Sscan^le 3 8 Dxy-oiffset UV-ink^ obteiined by mixing ink 1, Ink 2 • 
and Ink 3 of f oaAmilation 2 (above); in a ratio 1:1:1 and i>rinting ; 
on jpaper at 1 g/jm - The reflectance spectrum is given in Fig. 5- ' 

» . 

Exangple 4s Gravure ink, obtained by mixing Ink 1, Inlc 2, Ink 3 
and ink 4 of formulation 3 (above)' in a ratio 1:1:1:1. and apply- ' 
ing on paper with a hand coater at 4 |im (theoretical wet film) . 

The reflectance tspectrimi is giyeniin Pig. 6. • 

i : : 

\ ( : • * . • » 

The method of deriving * hyper *colpr coordinates' is now further . 

illustrated with the help of a' sch^nnatic worked exaxnple which .is 

: t i 

shown in table 1 below. A read:er plevice has 12 spectral channels 
centered at 400; 450, 500, 550:', 600, 650, 700, 750, 800, 850, 
900, and 950 nmj wavelength, respectively, A different number of f 
channels 1 at difeferent values 'of wavelength/ may be- chosen as 
well. The channbls need not even to be regularly spaced. 

A hyperchromic color space coxnprising 6 base colors,- is embodied'* 

i II, 

by dyes or pigiici|ents having 6 subs,tantially different absorption 
spectra. These flyes or pigments yield the * optical density' re- • 
Sponses ^Spec 1]', ^Spec 2', *Speq 3', *Spec 4', \Spec 5', and 
. *Spec 6', respe(ctively, with the : said reader device; the ensem- 

I i i 

..I • ! 

I . ; : 23 
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ble of these values constitute jbheiioatrix A defining the ma the- 
matical basis of :tlie hypercdaroicCLc color space. 

i. ■ ; • • ■ 

A mea-sured unloiown spectrum, ^Sp&Q- y' , can be expressed In. terms 
of hyper-color cpordinates x o£ the hyperchromic color space by 
taking the product x ^ (A'*^\)'^j* A' * y, in the worked exam- 
pie, the resulting color coordiinat'es (CCKD) of y in terms of the 
6 base colors'arjs: 0.35, 0.10, ?0,0,0, 0.40, 0.00, 0.15. This is 

1 •: • . . 

exactly the linejar coicibination jwhich was used to construct y in 

. I ...... ... 

this schematic forked example. * ; 



This exainple furifeher illustrates the different matrices of the 



-1 * 



which is 



algorithm, in palrticular the matrix M - (A'*A) 
used to transform a measured spectrum y into color coordinates x 
according to the; forxmila x = iM * y. For a given base color 
system and a gi^en type of reader i device, the matrix M must be 
calculated only! once, and can then be stored in the reader de- 
vice; as a partlof the authentication algorithm. • it can be in- 
terpreted as a sort of key whibh enables to extract the relevant 
eolor-coordinates out of a more abundant spectral information. 



J. 

I- 
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Table It ficliematiic vorJced 
color coordinates 



iQpruC spectra (A) ; 



eacasKple o£ a detenniBatlon of taypear- 





Spec 1 1' 


Spec .2 


Spec 3; 


Spec 4 


Spec 5 


Spec 6 


400nia 


0.200 




0.000 


0.000 i 


1.200 


2.000 


o.oso . 


450xxm 


1.000 




0.050 


o.doo ! 

t 


1.000 


1.800 


0.100. 


SOOiuci 


0.200 




0.300 


0.050 : 


0.500 


1.500 


0 .200 


550imi 


0.050 1 


1.200 


0.200 




0.200 


1.000 


0.500 


eootiin 


0.000 1 


0.200 


0.500 




0.050 


0.500 


0.100 


*650iun 


0.000 ! 


0.050 


1.500 




0.050 


0.100. 


0.000 


700ruci 


0.000 \ 


0.000 


0.500 . 


0.200. 


0.000 


0.000, 


7502un 


0-000 j 


0.000 


0.200 i 


1.000 


0.050 


0.000. 


800nm 


0.000 i 


0.000 


0 . 050 ! 


0.300 


0.200 


0.000 


SSOnxn 


0.000 ) 


0.000 


0.000; 


0.050 


0.900 


0.050 


900xm 


0.000 ]■ 


0.000 


0-DOO! 


0.000 ■ 


0.200 


0.200 


950nm 


•0.000 


0.000 


o.poo; 


0.000 


0.100. 


1.100 


Ueastired speotnim (y)s ' , 

» * * f* . - 




Spec yj* 


i i ■• ■ ■' ' ' 
' i. ■ ■■ ' ' ■ , • 

I i ■ f ; 

- : ' ■ . • • • 

• > 

« * • • • ^ 

* I 

It • ' 1 • 
1 

I • * . 

. . . . . 

i » • * J 
r i 

I I- : t 
i ;. ■ ■ . •■!' 

i ' » 


400xua 


0.560 : 


450nm 


0.770 ( 

> 


SOOmn 


0.330 1. 


550xm 


d-300 } 


eoOxun 


0.060 ;• 


650nm 


0.030 j 


700mn. 


0.080 ) 

1 


750nm 


0 .400 i 


800nm 


0 . 120 1 


SSOmn 


0,030 1 . 


900IMII. 


0:030 


950t3ia 


0.170! 

• • 1. 


i 
i 

\ 

; 
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1 • 'i 


2 


3 ; : 


4 


5 • . 


6 


1 


1.083 I 


0.170 


.0.020 ; 


1.350 


2.550 


0.175 


2 . 


0.170 : 

? 


1.575 


O-OO j 


0.453 


1.845 


0.685 


3 


0.020 :' 


0.430 


2.835 . 


0.480 


0-695 


0.160-. 


4 


1.350 1 


0.453 


0 . 480 




3.868 


5.335 


0.368 


5 


2.550 1 


1.845 


0.695 




5.335 


11.652 


1.325 


6 


0.175 s' 


0. 685 


0.160 




0.368 


1.325 


1.565 





1 i 


2 


3 j ;. 


4 


5 ■ 


6 


1 


2.134 i 


0.297 


0.077 : 

t 


-0.194 


-0.434 


0.037 


2 


0.297 1 


1.028 


-01108 


0.210 


-0.286 


-0.280 


3 


0 . 077 j 


-0.108 


0.378 ; 


-0.081 


0.014. 


0,007 


4 


-0..194j 


0.210 


-0;08i 


0.803 


-0.360 


0,054 


.•5 


-0.434-; 


-0.286 


0 . 014 : 


-0.360 


0.399 


-0.081 


6 


0.037 \ 


-0.280 


0-007. 


0.054 


-0.081 


0.813 



1 

0.963 

vector X = (A' 

1 

CCRD 0.347 



i 

I 
I 



2 

511 0. 
2 

.103 0. 



3 

.278 



3 

003 
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6 

0.521 



6 
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53 i i 

WW* 

1 






■bo 


•as w V* 


-0 672 ^' 


-0.274 


— 0 O^iAi 
'. I 


U • ^Uq 




f\ n e A 
— U.050 




1 177 : 

I 


w • W JL W 


0 01 

» » 




— u * uy p 


0 . 012 




-0.221 1 

f 


-0 017 


—0 01 ' 


— U , JLU / 


U * J X 


—0 . 009 


5*5 Omn 


0 noA \- 

i • 




U • U *i i?, 


A n c yt 


f> n '7 e 
-0-075 


' 0 . 004 


6 0 OnitL 


V/ • J- ^ J • 

J 


^ w • \J\J 29 


n n v 1* 




U . 1^^ 


r\. f\ f\r\ 

-0.009 


SSOnm 


0.077.! 

t 
t 


-0.128 


0.'560 

■ 1 

; : 


-0.107 


0,029 


■-0.009 


700xiia 


-0.000 ( 


-0.012 


0|173. 


0-120 . 


-0.065 


0.014 


750nm * 


-0.201 I 


0.175 


-0.005 

i 


0.769 


-0.337 


O.OSl 


SOOnm 


-0.141 j. 


0.001 


-0,003 


0,165 


-0-027 


0.000 


SSOnm 


-0.398 1 


-0.261 


0iO09 


-0,281 


0.337 


-0.030 


900xmi 


-0.079 1 


-0.113 


0,004 


-0,061 


0,064 ' 


0.146 . 




-0.003f 

1 
( 


-0.336 


Oj.009 


0-023 


-0.049 


0.886 



I 

s 

) 
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i : . 

\ : : 

1. Printing ink, poitiaprising at least one dye or pigment having at 

least one absqrption inascixnum; in ; the visible range of th,e elec- 
tromagnetic siiectrum which is siobstantially dif f erent . f rom the 
absorption xua^tima of the base colors of the CXBxyz system 
and/ or having jan absorption band in the visible range of the 
electromagnetic spectrvm whofee fcand width at half intensity is 
narrower than {2400 cnT^, preferably narrower than. 2000 cm"^, .. 

and most preferably narrower; than 1500 cm"^. . • . . 

f * • 

^ * • • 

t ; • , 

I 

2. Printing ink iccording to cljaim: 1, further comprising , at least 
one other dye j or, pigment having! at least one absorption maxi- ; 

, mum in. the ultraviolet or in the infrared region, preferably 
in the near-infrared region ;of the electromagnetic spectrum. 

\ ) ' • 

3., Printing ink according to any one of claims 1 or 2, coniprising 
at least thre.^, preferably at least four different dyes or 
pigments havipg absorption spectra which are substantially 

: different froina each other- ' i \ 

5 if 

\ . ' ; 

4. Printing ink jaccording to any one of claims 1 to 3, coniprising 
at least two,: preferably at 'least three different dyes or pig- • 
ments having jat least one absorption maxiraum in- the- infrared 
range, prefeMably the near-infrared rang© of the electroxnagr : 

netic spectrvoa. | ' ' . . " 

i s •" ■ 

• • .' ; • 



5. Printing ink | according to any one of claims 1 to 4, comprising 
at least four different dyes or pigments having at least one 
absorption mdxixttum in the visible range of the electromagnetic 

- spectrum. | | : 
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6. Printing ink according to an;^ one of claims a to 5, further 
contprising a reflecting pigment 

i i ! 

7- Set of printinjg inks^ comprising at least two printing inks 

according to aby one of claiihs to 6. 

I'll 
i i ! 

8. Set. of printing inks accorddlng to claim 7, comprising at least 

I ' 1 \ 

three, preferably at least* f bur i different printing inks ac- 

I • • ! - 

cording to any one of claims i 1 to 5 each having a . dye or pig?- 

} I i ■ • ' ' " 

ment which is {different f romj the dyes or pigments in the other 

printing inks! . | I 

J ( » 

9. Set of printing iiilcs according to claim 8, wherein the differ--- 

f » 

ent dyes, or pigments have at least one absorption . maximum in 

the visible* range of the electrpmagnetic spectrum. 

; J • * i 

* . ' • 

10. Set of printing inks accotdihg to any one of claims 6 to 9, *' 

j f ' • ■ • . ' 

wh.erein at least one printing in]?:, preferably at least two and ^ 

r 

more preferably at least three :printing inks comprise a dye or 
pigment havxng at least one : absorption maximum in the ultra- 

violet or -in jthe infrared regidn, preferably in the. near- ' 

' . • * 

dLnfrared region of the electromagnetic spectrum. . • 

{ ^ * 

11; Set of printing inks according to any one of claims 6 to 10/ 

; i ' 

wherein at l^ast one printing ink comprises a reflecting pig- • 

ment. \ \ \ 

\ ' . ' i 

i ' ' : 

12. Method for marking an article, such as a banknote, a docu- 

ment, a ticket, a foilr a thread, a label, a card, or a com- . 

j * ' • . 

mercial goo<l, comprising tlje ^tep of providing on said article 

a marking wl^ich is applied ;by using at least one printing ink 

according tqs any one of claims 1 to 6- or a set of printing 

} « : 

inlcs according to any one of Claims 7 to 11 or by using at r 

i • • 

» * : 

* • J . • 

;* : 29 
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* 

! 

* • I 

* ' 

ill 
least one coating conipositioxx coxnprlsing at least pzie printing 

ink accorddLng to any one of dlalms 1 to 6 or a set of printing 

inks according] to any one o£ iclaixns 7 to 11, 

^ ; i * : 

13. Method accoarding to claim %2, : wherein said at least one 

coating compo^'ition is selec\^ed from the group consisting of^ • 

pasty iiiks comprising intaglio ijnks, letterpress inks, and 

I { ; 

offset inks, from the group consisting of liquid inks coinpris- 

ing screen printing inks, heiio4flexo inks, and gravure inks> 

from the group consisting of: toners for electrostatic or elec- • 

trophoretic printing, or from the group consisting of ink- jet 

inks comprising drop-on-demand ink- jet inks and continuous 

ink- jet inks.! . j | 

t , •( ; 

14. Method of authenticating an ^ticle, such as a baniJaiote, a 

docxunent, a ticket, a foil, ia thread, a label, a card, or a 

\ ' ' ' ' 

commercial good, comprising !the; steps of: 

.a) measuring |an absorbance, : reflectance or transmittance spec-'' 

' trum of an article marked by the method according to any 

one of cliims 12 or 13, in the XJV and/ or visible and/ or IR 

wavelengtli domain of the. electromagnetic spectrum; 

b) comparing! the spectrum measured under a) and/ or information 

derived tl^erefrom with a corresponding spectrum of an 

authentic j item and/ or inforlnation derived therefrom 
I * • 

• ' : 

• / 

i * I * 

15. Method accprding to claini 14^ wherein said method! is carried 

I • * 

out by a maclalne/ such a© a? currency acceptor; * a ticket vali- 
dator, or a liand-held autheyxtiibation device. 

i { i . 

t . 1 

16. Method acc^ording to claim 14 or 15, wherein in step a) said 
spectrum is measured as a vectbr of digital values represent- 
ing tlie absojrption and/ or reflection axxA/or' transmission of 
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said marking at a se].ect.ed nuimber o£ vavelengtiHs or cnrer a se- 
lected number of waveXength domains. 

I : 

f 5 ' ; • • 

17. Method according to ajay one of claims 14 to 16, /wherein step" 
b) is carried ]out by deriving the statistically, independent 

• • • i 

Iwpex-color cosordiaoates of said imarking from the vector of 
digital valuesj measured in siep ;a) , and comparing at least one 
of sedLd hyper -jcolor coordinates 'with a corresponding reference ? 
value of an authentic item, and .'deriving an authenticity indi- 
cator from the comparison reSult using a pre-established deci- i 
sion criterion. * i 

■ r . . 'i - i • • ■ 

! ■ • i . 

18. Method for Authenticating j an -article according to one of 

claiias 14 to i?, wherein sai^d spectrum is measured using a 

combination of a broaa-band .emitting light source and a olu-- ^" 

• • ! ^ 

rality of narrow-band sensitive! photodetectors, or using a 

combination o'£ a broad-band isensitive photodetector and a plu- 

rality of narirow-band emitting light sovirces, or using a com- ^ 

•bination of a| broad-band em:tttxng light source -and a 'diffrac- 

tive or disp^sive spectrometer 'device, or using a conibixiation 

of a pluralii^ of narrow-band 4"»ittiiig light . sources , such as 

. LEDs, and a broad-band sensitive' imaging device, such as a 

CCD- or CMOS-| cai»era, yielding j spectral or hyperspectral imagr-' 

ing infozmation'. J . . 

s • • 

} ( ' • 

i I .• . : 

19. Method fori authenticating an article according to one of* the 
claims 14 tojlB, wherein seiid Statistically independent hyper- 
color coordinates are derived ^rom the measured spectrum by 
the means of j'a matheraatical| Least-Squares algorithm, 

e . I • 

• * . 

; { j 

20. Marking, comprising at least one printing ink according to ' 
any one of cjLaims i to 6 axid/or at least onei set of printing 
inks according to any . one of claims 7 to 11 • 

i • ' ■• ■' ' ' .■ 
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21. Article, suc^ as a banknote, a document , a ticket., a foil, a 
thread, a labe^, a card, or a: coinmercial good, coxnprising at 
least one marking according tb claim 20. 

I ] ' y 

22. Use of a dy^ or pigmenr having at least one absorption maxi- . 

It* 
mm in the visible range of the ^electromagnetic spectrvjim which 

is substantialjly different from the absorption maxima of the 

base colors ofj the C13SXY2 syjftexti and/ox^ having an absorption 

band in the vdisible range of j the electromagnetic spectrijun 

whose band width at half intensity is narrower than 2400 cm"^, • 

preferably narrower than 2000 cm'^, and most preferably nar- 

5 i . 

rower than 1500 cm"^, for marikincf and/or authenticating an ar-- 
tide, such as a banknote, a; document, a ticket, a foil, a 

i 

thread, a label, a card, or a commercial good. 

• , r : 

! . i 

- r , ^ 

23. Use of a priinting ink according to any one of claims 1 to 6 
for marking ahd/or authenticating an article,- such as a bank- . 
note, a document, a ticket, ;a f.btl, a thread, a label, a card, ^ 
or a commercial good. i j 

I I i 

24. Use of a set of printing ink4 according to ariy one of claims 

7 to. 11 for niarking and/or authenticating an article, such as^ - 
a banknote, 4 document, a ticket, a foil, a thread, a label, a. 
card, or a commercial good. \ I 

25- Use of a marking according to claim 20 for authenticating an. 
article, suc]^ as a banknote', a ? document , a ticket, a foil, a 
thread, a label, a card, or- a commercial good. . 

t ' ' 
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The invention disbloses a printing ink, coniprising at least, bne 
dye or pigment lia^ring at least one absorption maximum in the 
visible range of fche electroxaagrietdic spectrvmi which is substan- 
tially, different jfr&m .the absorption maxima of the base colors 
of the CIEXYZ system egad/or having 'an absorption band in the . 
visible range of Jthe electromagnetic spectrvim whose band width 
at half intensity, is narrower than -2400 cm"^, preferably narrower 
than 2000 cm"^, and most preferably, narrower than 1500 cm'^, as 
well as a set of ^printing inks comprising at least two such 
printing inks, a;^ well as a method: for marking and/ or authenti- 
cating a security article using such printing inks* or such sets 
of printing inksj. . I :. 
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\ HEFLECTANCE CHARACTCRISTICS- EXAMPLE 1 
MEASURED ON SOUO PRINTS, INK DEPOSTT 8 gftitiS 
APPUCA-nON ON PAPER 
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H£FLECTANC€ CHARACTERISTICS - EXAMPLE 2 
MEASURED ON 90UD PRINTS, INK DEPOSfT 8 shtA 
APPUCATION ON PAPER 
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REFLECTANCE CHARACTgRiSTiG^ - 3 
MEASUREP ON SOUD PRINTS, INK DEPOSIT 1 sfma 
APPUCA-nON ON PAPER 
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, CHARACTERISHOS • EXAMPLE 4 

MEASUREP ON SOLID PRirTTS^THEORmPAL WET FtLM 4^111 (HAND COAIHR, BAR N^Hl) 
; APPUCATION ON PAPER 
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